The previous papers of this series (Booth 1945 (Booth , 1946 (Booth , 1947a have been directed towards an examination of the general theory underlying the Fourier series used in X-ray crystal structure analysis and, except where necessary to evaluate numerical constants, no specific reference has been made to actual structure determinations. In this, and succeeding papers, the results of the theoretical treatm ent will be applied to the examination of particular structure analyses. In view of the not inconsiderable labour required for the computations, the structures chosen for detailed examination are not only interesting from the point of view of the general theory of accuracy, but also from their importance in the theory of chemical bonding.
Of such structures, one of the first to receive detailed examination by X-ray methods was th at of oxalic acid-dihydrate. An approximate determination was made by Zachariasen (1934) , and this was followed by a complete two-dimensional Fourier refinement by Robertson & Woodward (1936) . Interest immediately centred on the structure on account of the short bridges ab (figure 1). These remain, to the present time, the shortest known hydrogen bridge between oxygen atoms (Robertson 1947 A recent re-examination of the structure by Brill, Hermann & Peters (1939 ,1942 , using all two-dimensional data obtainable with molybdenum radiation, claimed extreme accuracy and disagreed in important details with the Robertson-Woodward Accuracy of atomic co-ordinates in X -ray structure
results. I t is unfortunate th at the two-dimensional technique, when applied to this compound, breaks down owing to the non-resolution of the (a) and (c) projections and, despite elaborate corrections by Brill et al., it cannot be said th a t the structure is unequivocally established as a result of their work. Although none of the methods developed in the present papers is applicable to the case of non-resolved projections it seemed desirable to apply the techniques to the projection on (6), as excellent resolution is obtained and interest attaches to the considerable disagreement between the co-ordinates of the carbon atom, as deduced by Robertson & Woodward, and given by Brill et al. 
e r r o r This is in satisfactory accord with the value + 0 6 obtained in the dibenzyl com parison. The generalized volume, 'v \is simply the area of in the case of oxalic acid 70*5 A2. Thus, for the carbon atoms, where N = 6, sub stitution in equation (1) gives es$ + 0-0107 A, and for the oxygen atoms, where N -8,
These values are of precisely th at order of magnitude which would be expected after the previous work on dibenzyl.
E r r o r s d u e t o f i n i t e s u m m a t i o n
In order to apply the correction technique suggested in part II of this paper (Booth 1947a), it was necessary to have a method of computation of greater accuracy than those in current use. This led to the development of the differential synthesis, which makes possible the use of three-or four-figure mathematical tables, and reduces errors of computation to c. ±0-001A (Booth 1946). In the case of oxalic acid it was not deemed advisable to assume th at the electron density projections, on the (6) plane, were possessed of circular symmetry, so th at all coefficients in the difference equations (vide infra) were calculated.
The electron density projection, for oxalic acid, is given by In the present case, the co-ordinates of Robertson & Woodward were taken as the first approximation, and, using the structure factors calculated from these co ordinates, a set of differential syntheses was calculated for each atom. The method of computation which was found most convenient was to draw up tables of sin 2n h^ + l^j and cos 2TT^}b~ ±l~~j , using a Marchant multiplying machine, and then to multiply by the values of F(h,0,l). The coefficients Ahh, etc., were then easily obtained. Table 1 gives the values of the various coefficients. From these values the errors in co-ordinates, due to finite summation, can be calculated via equations (7) and (8). The corrections to the co-ordinates are obtained by reversing the signs of these errors, they are given in table 2. In order to guard against computing errors a set of second-order refinements using the corrected co-ordinates was calculated. I t was not necessary to recalculate Ahh, Am and Au, since these are relatively insensitive to changes in the co-ordinates. The important factors are Ah and At, and the values obtained by using the corrected co-ordinates are given in table 3. These figures indicate the correctness of the original values and establish the validity of the differential method. I t is seen th a t the second-order corrections are roughly one-tenth as large as those of the first order. Table 4 gives the corrected atomic co-ordinates together with those found by Brill ato m C Ox o2 H 20 Table 4 R . and W. corr. I t is seen th at there are still considerable differences between the two sets, although the method of correction gives results which are usually of the same sign as those observed by Brill et al. The greatest discrepancy is in the x co-ordinate of C; it was thus of interest to examine the method by which the result of Brill et al. was obtained. Despite the fact th at the series converged to the limit of the observable Jc, l) values these authors applied the artificial temperature-factor technique to reduce possible finite summation errors. This, as was demonstrated in part III of this series, introduces large errors due to overlapping of the density distributions; realizing this, corrections were made by Brill et al. for this error. To investigate the effectiveness of these corrections the same process was applied to the present calculations.
A temperature factor e-5-o(sin0)* (13) was applied to the values of F(h,0,l), and a differential synthesis computed for the atom C. The coefficients obtained were but even so the method does not appear to be as satisfactory as the technique used in this paper. I t was not considered worth applying the procedure to the other atoms in the structure. A possible criticism of the method of ad hoc synthesis using calculated values of F(h, 0,1), is th at the differences between observed and calculated F values produce exactly the same variation in co-ordinates as those obtained in the correction process. In order to justify the procedure it is necessary to show th a t the difference between -^caic. and Fobs produces approximately the same background undulation w hat ever the maximum value of sin 6 a t the limit of summation. To test this, a series of computations was made using data extending to various Bragg angles. I t is clear from equations (5), (6), (11) and (12), th a t
so th at a calculation of these quantities gives a measure of the background fluctuation.
The atom C was again chosen for the test, and the resulting coefficients are given in table 5. I t is seen that, whilst there is considerable fluctuation in the finite sum mation differential, the slope of the background given by the ( -a ic .-s e t > is approximately constant. Whilst it cannot be claimed th at the foregoing treatm ent constitutes definite proof of the validity of the correction technique, it indicates th at the errors derived from it are at least of the right order of magnitude.
The results obtained by Brill et at. for oxalic acid have been questioned on grounds of chemical plausibility by Robertson (1947) , who shows th at the bond lengths deduced on the basis of the present calculations, are more satisfactory than those of the former authors. At the same time, the unsatisfactory resolution of the other projections makes any final decision impossible.
The usual criterion (Booth 1945) of the degree of excellence of a set of atomic parameters is the value of the expression E 11 -ff)bs. 1 ~ I ^calc. 11 (14) In the case of oxalic acid the values of this expression for the various determinations which have been made are Robertson (1947) which is particularly satisfactory on chemical grounds.
The value of (14) is not an unequivocal guide to the excellence of a set of para meters as it depends, not only upon the correctness of the co-ordinates and the experimental errors, but also on the departure of the electron distribution from spherical symmetry which, in a covalently linked system, may be considerable. Thus the only manner in which the correctness of the various alternatives presented above can be established, is by performing a full three-dimensional analysis and using all information obtainable with molybdenum or shorter wave-length radiation, but avoiding the use of the artificial thermal factor. 
